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SYSTEM, METHOD AND COMPUTER PROGRAM 
PRODUCT FOR DYNAMIC, ROBUST AND FAULT 

TOLERANT AUDIO OUTPUT IN A SPEECH 
RECOGNITION FRAMEWORK 

FIELD OF THE INVENTION 

[0001] The present invention relates to speech synthesis 
systems, and more particularly to enhancing text-to-speech 
synthesis. 

BACKGROUND OF THE INVENTION 

[0002] Text-to-speech synthesis (TTS) is seen to be poten 
tially useful to automate or create many information ser 
vices. Unfortunately to date most commercial systems for 
automated synthesis remain too unnatural and machine-like 
for all but the simplest and shortest texts. Those systems 
have been described as sounding monotonous, boring, 
mechanical, harsh, disdainful, peremptory, fuZZy, muf?ed, 
choppy, and unclear. SynthesiZed isolated Words are rela 
tively easy to recognize, but When these are strung together 
into longer passages of connected speech (phrases or sen 
tences) then it is much more dif?cult to folloW the meaning. 

[0003] Although there may be several possible reasons for 
segmental intelligibility failing to predict comprehension, 
there is a need of an improved voice synthesis system that 
addresses the single most likely cause: synthesis of the text’s 
prosody. Prosody is the organiZation imposed onto a string 
of Words When they are uttered as connected speech. It 
primarily involves pitch, duration, loudness, voice quality, 
tempo and rhythm. In addition, it modulates every knoWn 
aspect of articulation. When the prosody is incorrect, then, 
at best, the speech Will be dif?cult or impossible to under 
stand, and at Worst listeners Will misunderstand it Without 
being aWare that they have done so. 

[0004] There is thus a need for addressing the prosodic 
treatment of the text, and continuing to improve the quality 
of speech synthesis, especially in emerging applications 
utiliZing speech recognition systems. 

DISCLOSURE OF THE INVENTION 

[0005] A system, method and computer program product 
are provided for enhanced speech synthesis. Initially, a 
string of Words to be outputted is received. In response 
thereto, a database of strings of Words is queried to match the 
string of Words for output purposes. If, hoWever, no match 
is made, the string of Words is parsed. The database of Words 
is then queried to match the parsed string of Words for output 
purposes. 

[0006] In one embodiment of the present invention, the 
parsing may include removing one of the Words. In a 
preferred embodiment, the removed Word is the last Word in 
the string of Words. Moreover, the step of parsing and last 
querying step may be repeated until the string of Words is 
matched in the database. By this design, the speech synthesis 
may be enhanced by ensuring that a largest pre-recorded 
audible recording is used for output purposes. 

[0007] In another embodiment of the present invention, 
the string of Words may be generated in response to the 
receipt of a request made by a user. Such request may be for 
any type of information such as stock quotes, entertainment 
information, driving directions, and ?ight information, etc. 
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In response to the request for information or a service, a 
database look-up and processing may take place in order to 
generate the appropriate information in the form of the string 
of Words. In other Words, the string of Words may be 
generated in the context of a speech recognition/synthesis 
system. 

[0008] In one aspect of the present invention, the request 
for information or a service may be verbally made by 
utiliZing a telephone, and the output may be transmitted 
utiliZing the telephone. Further, the output may take the form 
of an audio ?le such as a Wave ?le. In one embodiment, 
text-to-speech synthesis (TTS) may also be utiliZed for 
identifying any Words not found in the database. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates an exemplary environment in 
Which the present invention may be implemented; 

[0010] FIG. 2 shoWs a representative hardWare environ 
ment associated With the various components of FIG. 1; 

[0011] FIG. 3 illustrates a method for enhanced speech 
synthesis, in accordance With one embodiment of the present 
invention; 
[0012] FIG. 4 illustrates an example of the present inven 
tion; and 

[0013] FIG. 5 is a schematic illustrating the manner in 
Which VoiceXML functions, in accordance With one 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] FIG. 1 illustrates one exemplary platform 150 on 
Which the present invention may be implemented. The 
present platform 150 is capable of supporting voice appli 
cations that provide unique business services. Such voice 
applications may be adapted for consumer services or inter 
nal applications for employee productivity. 

[0015] The present platform of FIG. 1 provides an end 
to-end solution that manages a presentation layer 152, 
application logic 154, information access services 156, and 
telecom infrastructure 159. With the instant platform, cus 
tomers can build complex voice applications through a suite 
of customiZed applications and a rich development tool set 
on an application server 160. The present platform 150 is 
capable of deploying applications in a reliable, scalable 
manner, and maintaining the entire system through moni 
toring tools. 

[0016] The present platform 150 is multi-modal in that it 
facilitates information delivery via multiple mechanisms 
162, i.e. Voice, Wireless Application Protocol (WAP), 
Hypertext Mark-up Language (HTML), Facsimile, Elec 
tronic Mail, Pager, and Short Message Service (SMS). It 
further includes a VoiceXML interpreter 164 that is fully 
compliant With the VoiceXML 1.0 speci?cation, Written 
entirely in Java®, and supports Nuance® SpeechObjects 
166. 

[0017] Yet another feature of the present platform 150 is 
its modular architecture, enabling “plug-and-play” capabili 
ties. Still yet, the instant platform 150 is extensible in that 
developers can create their oWn custom services to extend 
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the platform 150. For further versatility, Java® based com 
ponents are supported that enable rapid development, reli 
ability, and portability. Another Web server 168 supports a 
Web-based development environment that provides a com 
prehensive set of tools and resources Which developers may 
need to create their oWn innovative speech applications. 

[0018] Support for SIP and SS7 (Signaling System 7) is 
also provided. Backend Services 172 are also included that 
provide value added functionality such as content manage 
ment 180 and user pro?le management 182. Still yet, there 
is support for external billing engines 174 and integration of 
leading edge technologies from Nuance®, Oracle®, 
Cisco®, Natural Microsystems®, and Sun Microsystems®. 

[0019] More information Will noW be set forth regarding 
the application layer 154, presentation layer 152, and ser 
vices layer 156. 

Application Layer (154) 
[0020] The application layer 154 provides a set of reusable 
application components as Well as the softWare engine for 
their execution. Through this layer, applications bene?t from 
a reliable, scalable, and high performing operating environ 
ment. The application server 160 automatically handles 
loWer level details such as system management, communi 
cations, monitoring, scheduling, logging, and load balanc 
ing. Some optional features associated With each of the 
various components of the application layer 154 Will noW be 
set forth. 

Application Server (160) 

[0021] A high performance Web/J SP server that hosts 
the business and presentation logic of applications. 

[0022] High performance, 
failover. 

load balanced, With 

[0023] Contains reusable application components 
and ready to use applications. 

[0024] Hosts Java Servlets and JSP’s for custom 
applications. 

[0025] Provides easy to use taglib access to platform 
services. 

VXML Interpreter (164) 

[0026] Executes VXML applications 

[0027] VXML 1.0 compliant 

[0028] Can execute applications hosted on either side 
of the ?reWall. 

[0029] Extensions for easy access to system services 
such as billing. 

[0030] Extensible—alloWs installation of custom 
VXML tag libraries and speech objects. 

[0031] Provides access to SpeechObjects 166 from 
VXML. 

[0032] 
tools. 

Integrated With debugging and monitoring 

[0033] Written in Java®. 
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Speech Objects Server (166) 

[0034] Hosts SpeechObjects based components. 

[0035] Provides a platform for running SpeechOb 
jects based applications. 

[0036] Contains a rich library of reusable SpeechOb 
jects. 

Services Layer (156) 

[0037] The services layer 156 simpli?es the development 
of voice applications by providing access to modular value 
added services. These backend modules deliver a complete 
set of functionality, and handle loW level processing such as 
error checking. Examples of services include the content 
180, user pro?le 182, billing 174, and portal management 
184 services. By this design, developers can create high 
performing, enterprise applications Without complex pro 
gramming. Some optional features associated With each of 
the various components of the services layer 156 Will noW 
be set forth. 

Content (180) 

[0038] Manages content feeds and databases such as 
Weather reports, stock quotes, and sports. 

[0039] Ensures content is received and processed 
appropriately. 

[0040] Provides content only upon authenticated 
request. 

[0041] Communicates With logging service 186 to 
track content usage for auditing purposes. 

[0042] Supports multiple, redundant content feeds 
With automatic failover. 

[0043] Sends alarms through alarm service 188. 

User Pro?le (182) 

[0044] Manages user database 

[0045] Can connect to a 3rd party user database 190. 
For example, if a customer Wants to leverage his/her 
oWn user database, this service Will manage the 
connection to the external user database. 

[0046] Provides user information upon authenticated 
request. 

Alarm (188) 

[0047] Provides a simple, uniform Way for system 
components to report a Wide variety of alarms. 

[0048] AlloWs for noti?cation (Simply Network 
Management Protocol (SNMP), telephone, elec 
tronic mail, pager, facsimile, SMS, WAP push, etc.) 
based on alarm conditions. 

[0049] AlloWs for alarm management (assignment, 
status tracking, etc.) and integration With trouble 
ticketing and/or helpdesk systems. 

[0050] AlloWs for integration of alarms into customer 
premise environments. 
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Con?guration Management (191) 
[0051] Maintains the con?guration of the entire sys 

tem. 

Performance Monitor (193) 

[0052] Provides real time monitoring of entire system 
such as number of simultaneous users per customer, 
number of users in a given application, and the 
uptime of the system. 

[0053] Enables customers to determine performance 
of system at any instance. 

Portal Management (184) 

[0054] The portal management service 184 maintains 
information on the con?guration of each voice portal 
and enables customers to electronically administer 
their voice portal through the administration Web 
site. 

[0055] Portals can be highly customiZed by choosing 
from multiple applications and voices. For example, 
a customer can con?gure different packages of appli 
cations ie a basic package consisting of 3 applica 
tions for $4.95, a deluxe package consisting of 10 
applications for $9.95, and premium package con 
sisting of any 20 applications for $14.95. 

Instant Messenger (192) 

[0056] Detects When users are “on-line” and can pass 
messages such as neW voicemails and e-mails to 
these users. 

Billing (174) 
[0057] Provides billing infrastructure such as captur 

ing and processing billable events, rating, and inter 
faces to external billing systems. 

Logging (186) 
[0058] Logs all events sent over the JMS bus 194. 

Examples include User A of Company ABC 
accessed Stock Quotes, application server 160 
requested driving directions from content service 
180, etc. 

Location (196) 

[0059] Provides geographic location of caller. 

[0060] Location service sends a request to the Wire 
less carrier or to a location netWork service provider 
such as TimesThree® or US Wireless. The netWork 
provider responds With the geographic location 
(accurate Within 75 meters) of the cell phone caller. 

Advertising (197) 
[0061] Administers the insertion of advertisements 

Within each call. The advertising service can deliver 
targeted ads based on user pro?le information. 

[0062] Interfaces to external advertising services 
such as WyndWire® are provided. 
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Transactions (198) 

[0063] Provides transaction infrastructure such as 
shopping cart, tax and shipping calculations, and 
interfaces to external payment systems. 

Noti?cation (199) 

[0064] Provides external and internal noti?cations 
based on a timer or on external events such as stock 

price movements. For example, a user can request 
that he/she receive a telephone call every day at 
8AM. 

[0065] Services can request that they receive a noti 
?cation to perform an action at a pre-determined 
time. For example, the content service 180 can 
request that it receive an instruction every night to 
archive old content. 

3rd Party Service Adapter (190) 

[0066] Enables 3rd parties to develop and use their 
oWn external services. For instance, if a customer 
Wants to leverage a proprietary system, the 3rd party 
service adapter can enable it as a service that is 
available to applications. 

Presentation Layer (152) 

[0067] The presentation layer 152 provides the mecha 
nism for communicating With the end user. While the 
application layer 154 manages the application logic, the 
presentation layer 152 translates the core logic into a 
medium that a user’s device can understand. Thus, the 
presentation layer 152 enables multi-modal support. For 
instance, end users can interact With the platform through a 
telephone, WAP session, HTML session, pager, SMS, fac 
simile, and electronic mail. Furthermore, as neW “touch 
points” emerge, additional modules can seamlessly be inte 
grated into the presentation layer 152 to support them. 

Telephony Server (158) 

[0068] The telephony server 158 provides the interface 
betWeen the telephony World, both Voice over Internet 
Protocol (VoIP) and Public SWitched Telephone NetWork 
(PSTN), and the applications running on the platform. It also 
provides the interface to speech recognition and synthesis 
engines 153. Through the telephony server 158, one can 
interface to other 3rd party application servers 190 such as 
uni?ed messaging and conferencing server. The telephony 
server 158 connects to the telephony sWitches and “handles” 
the phone call. 

[0069] Features of the telephony server 158 include: 

[0070] Mission critical reliability. 

[0071] Suite of operations and maintenance tools. 

[0072] Telephony connectivity via ISDN/T 1/E1, SIP 
and SS7 protocols. 

[0073] DSP-based telephony boards offload the host, 
providing real-time echo cancellation, DTMF & call 
progress detection, and audio compression/decom 
pression. 
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Speech Recognition Server (155) 

[0074] The speech recognition server 155 performs speech 
recognition on real time voice streams from the telephony 
server 158. The speech recognition server 155 may support 
the following features: 

[0075] Carrier grade scalability & reliability 

[0076] Large vocabulary siZe 

[0077] Industry leading speaker independent recog 
nition accuracy 

[0078] Recognition enhancements for Wireless and 
hands free callers 

[0079] Dynamic grammar support—grammars can 
be added during run time. 

[0080] Multi-language support 

[0081] Barge in—enables users to interrupt voice 
applications. For example, if a user hears “Please say 
a name of a football team that you, ” the user can 

interject by saying “Miami Dolphins” before the 
system ?nishes. 

[0082] Speech objects provide easy to use reusable 
components 

[0083] 
[0084] Speaker veri?cation 

“On the ?y” grammar updates 

Audio Manager (157) 

[0085] Manages the prompt server, teXt-to-speech 
server, and streaming audio. 

Prompt Server (153) 

[0086] The Prompt server is responsible for caching 
and managing pre-recorded audio ?les for a pool of 
telephony servers. 

TeXt-to-Speech Server (153) 

[0087] When pre-recorded prompts are unavailable, the 
teXt-to-speech server is responsible for transforming teXt 
input into audio output that can be streamed to callers on the 
telephony server 158. The use of the TTS server of?oads the 
telephony server 158 and alloWs pools of TTS resources to 
be shared across several telephony servers. 

[0088] Features include: 

[0089] Support for industry leading technologies 
such as SpeechWorks® Speechify® and L&H Real 
Speak®. 

[0090] Standard Application Program Interface (API) 
for integration of other TTS engines. 

Streaming Audio 

[0091] The streaming audio server enables static and 
dynamic audio ?les to be played to the caller. For instance, 
a one minute audio neWs feed Would be handled by the 
streaming audio server. 

[0092] Support for standard static ?le formats such as 
WAV and MP3 
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[0093] Support for streaming (dynamic) ?le formats 
such as Real Audio® and Windows@ Media®. 

PSTN Connectivity 

[0094] Support for standard telephony protocols like 
ISDN, E&M WinkStart®, and various ?avors of E1 
alloW the telephony server 158 to connect to a PBX 
or local central of?ce. 

SIP Connectivity 

[0095] The platform supports telephony signaling via the 
Session Initiation Protocol (SIP). The SIP signaling is inde 
pendent of the audio stream, Which is typically provided as 
a G.711 RTP stream. The use of a SIP enabled netWork can 

be used to provide many poWerful features including: 

[0096] 
[0097] 
[0098] 
[0099] 
[0100] Interoperable With SIP compliant devices 

such as soft sWitches 

Flexible call routing 

Call forWarding 

Blind & supervised transfers 

Location/presence services 

[0101] Direct connectivity to SIP enabled carriers 
and netWorks 

[0102] Connection to SS7 and standard telephony 
netWorks (via gateWays) 

Admin Web Server 

[0103] Serves as the primary interface for customers. 

[0104] Enables portal management services and pro 
vides billing and simple reporting information. It 
also permits customers to enter problem ticket 
orders, modify application content such as advertise 
ments, and perform other value added functions. 

[0105] Consists of a Website With backend logic tied 
to the services and application layers. Access to the 
site is limited to those With a valid user id and 
passWord and to those coming from a registered IP 
address. Once logged in, customers are presented 
With a homepage that provides access to all available 
customer resources. 

Other (168) 

[0106] Web-based development environment that pro 
vides all the tools and resources developers need to create 
their oWn speech applications. 

[0107] Provides a VoiceXML Interpreter that is: 

[0108] Compliant With the VoiceXML 1.0 speci?ca 
tion. 

[0109] Compatible With compelling, location-rel 
evant SpeechObjects—including grammars for 
nationWide US street addresses. 

[0110] Provides unique tools that are critical to 
speech application development such as a vocal 
player. The vocal player addresses usability testing 
by giving developers convenient access to audio ?les 
of real user interactions With their speech applica 
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tions. This provides an invaluable feedback loop for 
improving dialogue design. 

WAP, HTML, SMS, Email, Pager, and Fax 
Gateways 

[0111] Provide access to external browsing devices. 

[0112] Manage (establish, maintain, and terminate) 
connections to external browsing and output devices. 

[0113] Encapsulate the details of communicating 
with external device. 

[0114] Support both input and output on media where 
appropriate. For instance, both input from and output 
to WAP devices. 

[0115] Reliably deliver content and noti?cations. 

[0116] FIG. 2 shows a representative hardware environ 
ment associated with the various systems, ie computers, 
servers, etc., of FIG. 1. FIG. 2 illustrates a typical hardware 
con?guration of a workstation in accordance with a pre 
ferred embodiment having a central processing unit 210, 
such as a microprocessor, and a number of other units 

interconnected via a system bus 212. 

[0117] The workstation shown in FIG. 2 includes a Ran 
dom Access Memory (RAM) 214, Read Only Memory 
(ROM) 216, an I/O adapter 218 for connecting peripheral 
devices such as disk storage units 220 to the bus 212, a user 

interface adapter 222 for connecting a keyboard 224, a 
mouse 226, a speaker 228, a microphone 232, and/or other 
user interface devices such as a touch screen (not shown) to 
the bus 212, communication adapter 234 for connecting the 
workstation to a communication network (e.g., a data pro 

cessing network) and a display adapter 236 for connecting 
the bus 212 to a display device 238. The workstation 
typically has resident thereon an operating system such as 
the Microsoft Windows NT or Windows/95 Operating Sys 
tem (OS), the IBM OS/2 operating system, the MAC OS, or 
UNIX operating system. Those skilled in the art will appre 
ciate that the present invention may also be implemented on 
platforms and operating systems other than those mentioned. 

[0118] FIG. 3 illustrates a method 300 for enhanced 
speech synthesis. The present method may be carried uti 
liZing the platform 150 and hardware set forth in FIGS. 1 
and 2, and/or any other desired architecture. 

[0119] Initially, a string of words to be outputted is 
received in operation 302. In one embodiment, the string of 
words may be generated by a speech recognition system in 
response to the receipt of a request made by a user. The 
speech recognition system of the present invention may 
provide a plurality of voice portal applications that can be 
personaliZed based on a caller’s location, delivered to any 
device and customiZed via an open development platform. 

[0120] Examples of various speci?c voice portal applica 
tions are set forth in Table 1. It should be noted that any 
services may be afforded per the desires of the user. 
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TABLE 1 

Nationwide Business Finder search engine for locating businesses 
representing popular brands demanded 
by mobile consumers. 
point-to-point driving directions 
up-to-the-minute flight information 
on major domestic and international 
carriers 
real-time tra?ic information for 
metropolitan areas 
updates and extended forecasts 
throughout the world 

News audio feeds providing the latest 
national and world headlines, as 
well as regular updates for business, 
technology, ?nance, sports, health 
and entertainment news 

Sports up-to-the-minute scores and highlights 
from the NFL, Major League Baseball, 
NHL, NBA, college football, basket 
ball, hockey, tennis, auto racing, 
golf, soccer and boxing 

Nationwide Driving Directions 
Worldwide Flight Information 

Nationwide Tra?ic Updates 

Worldwide Weather 

Stock Quotes access to major indices and all stocks 
on the NYSE, NASDAQ, and AMEX 
exchanges 

Infotainment updates on soap operas, television 
dramas, lottery numbers and horoscopes 

[0121] In response to the user request, a database look-up 
and processing may take place in order to generate the 
appropriate response in the form of a string of words. As 
such, a pre-recorded audible recording of the string of words 
may be outputted to the user upon a match being made. 

[0122] In one embodiment, the pre-recorded audible 
recording of the string of words may take the form of a wave 
?le. A wave ?le is an audio ?le format, created by 
Microsoft®, that has become a standard PC audio ?le format 
for everything from system and game sounds to CD-quality 
audio. A wave ?le is identi?ed by a ?le name extension of 
WAV (.wav). Used primarily in PCs, the wave ?le format has 
been accepted as a viable interchange medium for other 
computer platforms, such as Macintosh®. This allows con 
tent developers to freely move audio ?les between platforms 
for processing, for example. In addition to the uncompressed 
raw audio data, the wave ?le format stores information about 
the ?le’s number of tracks (mono or stereo), sample rate, and 
bit depth. 

[0123] The pre-recorded audible recording of the string of 
words is retrieved from a database of wave or other type of 
?les. This is accomplished by querying the database of 
words to match the string of words for output purposes. Note 
operation 304. It should be noted that the database of words 
includes a plethora of pre-recorded audible recordings rep 
resentative of different words, and combinations of various 
numbers of such words. Of course, any other type of 
database may be utiliZed per the desires of the user. 

[0124] After the query in operation 304, it is determined 
whether a string was found in decision 305. If not, at least 
one word is removed from the string of words in operation 
306. This may be done by removing one or more words from 
a beginning or end of the string. Once removed, the database 
of words is again queried to match the new string of words 
of reduce siZed. Note operation 308. The method is then 
returned to decision 305 in order to determine whether the 
new string has produced a match. If so, the pre-recorded 
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audible recording representative of the string of Words may 
be outputted to the user in operation 310. 

[0125] The intent of this iteration is to ensure that a 
pre-recorded audible recording representative of a largest 
available combination of Words is utiliZed. This is important 
for ensuring an output that exhibits a smooth transition 
betWeen Words, thereby providing output With higher qual 
ity, i.e. better rhythm, diction, prosody, etc. While it may be 
desired to include pre-recorded audible recordings for every 
combination of Words regardless of length, the cost of 
building such a database must be Weighed against the 
bene?ts of the present invention. 

[0126] FIG. 4 illustrates an example of the present inven 
tion. As shoWn, a table 400 is shoWn to include a plurality 
of Words and combinations thereof in a ?rst column 402. 
Also included is a second column 404 including a plurality 
of pre-recorded audible recordings in the form of Wave ?les 
each associated With one of the entries of the ?rst column 
402. In the present example, the aforementioned speech 
recognition system may be capable of outputting a string of 
Words representative of driving directions. Once such string 
of Words is received, they may be compared against the 
those in the ?rst column 402 of the table 400 of FIG. 4. 

[0127] In the present instance, it is assumed that the 
speech recognition system produces directions including 
“Turn Left on North San Antonio”. With reference again to 
FIG. 3, the table is queried in operation 304 for producing 
a match. As shoWn in FIG. 4, no match is possible, so a Word 
may be removed from the beginning or end of the string. For 
example, “Turn” may be removed, leaving “Left on North 
San Antonio.” Again, no match is possible, so operations 
306 and 308 may be repeated until “North San Antonio” is 
left at Which time decision 305 Will indicate that a match is 
found, and outputted. 

[0128] At this point, it is evidenced that many variations 
of the instant method may be possible utiliZing the foregoing 
principles. In particular, the remaining Words “Turn,”“Left,” 
and “on” may be looked up separately, or in combination to 
further enhance the output of the present invention. Still yet, 
such parsing process may be implemented in parallel for 
expediency purposes. To this end, any desired parsing algo 
rithm may be employed Which enhances the output of the 
present invention. 

[0129] In one embodiment, at least a portion of the present 
invention may be implemented utiliZing VoiceXML. FIG. 5 
is a schematic illustrating the manner in Which VoiceXML 
functions, in accordance With one embodiment of the 
present invention. Atypical VoiceXML voice broWser 500 of 
today runs on a specialiZed voice gateWay node 502 that is 
connected both to the public sWitched telephone netWork 
504 and to the Internet 506. As shoWn, VoiceXML 508 acts 
as an interface betWeen the voice gateWay node 502 and the 
Internet 506. 

[0130] VoiceXML takes advantage of several trends: 

[0131] The groWth of the World-Wide Web and of its 
capabilities. 

[0132] Improvements in computer-based speech rec 
ognition and text-to-speech synthesis. 

[0133] The spread of the WWW beyond the desktop 
computer. 
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[0134] Voice application development is easier because 
VoiceXML is a high-level, domain-speci?c markup lan 
guage, and because voice applications can noW be con 
structed With plentiful, inexpensive, and poWerful Web 
application development tools. 

[0135] VoiceXML is based on XML. XML is a general and 
highly ?exible representation of any type of data, and 
various transformation technologies make it easy to map one 
XML structure to another, or to map XML into other data 
formats. 

[0136] VoiceXML is an extensible markup language 
(XML) for the creation of automated speech recognition 
(ASR) and interactive voice response (IVR) applications. 
Based on the XML tag/attribute format, the VoiceXML 
syntax involves enclosing instructions (items) Within a tag 
structure in the folloWing manner: 

[0137] <element_name 
tribute_value”> 

attribute_name =“ at 

. . . . . . contained items . . . . . . 

[0139] </element_name> 
[0140] A VoiceXML application consists of one or more 
text ?les called documents. These document ?les are 
denoted by a “.vxml” ?le extension and contain the various 
VoiceXML instructions for the application. It is recom 
mended that the ?rst instruction in any document to be seen 
by the interpreter be the XML version tag: 

[0142] The remainder of the document’s instructions 
should be enclosed by the vxml tag With the version attribute 
set equal to the version of VoiceXML being used (“1.0” in 
the present case) as folloWs: 

[0143] <vxml version=“1.0”> 

[0144] Inside of the <vxml> tag, a document is broken up 
into discrete dialog elements called forms. 

[0145] Each form has a name and is responsible for 
executing some portion of the dialog. For example, you may 
have a form called “mainMenu” that prompts the caller to 
make a selection from a list of options and then recogniZes 
the response. 

[0146] Aform is denoted by the use of the <form> tag and 
can be speci?ed by the inclusion of the id attribute to specify 
the form’s name. This is useful if the form is to be referenced 
at some other point in the application or by another appli 
cation. For example, <form id=“Welcome”> Would indicate 
in a VoiceXML document the beginning of the “Welcome” 
form. 

[0147] FolloWing is a list of form items available in one 
speci?cation of VoiceXML: 

[0148] ?eld items: 

[0149] <?eld>—gathers input from the user via 
speech or DTMF recognition as de?ned by a gram 
mar 

[0150] <record>—records an audio clip from the user 

[0151] <transfer>—transfers the user to another 
phone number 
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[0152] <object>—invokes a platform-speci?c object 
that may gather user input, returning the result as an 
ECMAScript object 

[0153] <subdialog>—performs a call to another dia 
log or document(similar to a function call), returning 
the result as an ECMAScript object 

[0154] 
[0155] <block>—encloses a sequence of statements 

for prompting and computation 

control items: 

[0156] <initial>—controls mixed-initiative interac 
tions Within a form 

[0157] Apreferred embodiment is Written using JAVA, C, 
and the C++ language and utiliZes object oriented program 
ming methodology. Object oriented programming (OOP) 
has become increasingly used to develop complex applica 
tions. As OOP moves toWard the mainstream of softWare 
design and development, various softWare solutions require 
adaptation to make use of the bene?ts of OOP. Aneed eXists 
for these principles of OOP to be applied to a messaging 
interface of an electronic messaging system such that a set 
of OOP classes and objects for the messaging interface can 
be provided. 

[0158] OOP is a process of developing computer softWare 
using objects, including the steps of analyZing the problem, 
designing the system, and constructing the program. An 
object is a softWare package that contains both data and a 
collection of related structures and procedures. Since it 
contains both data and a collection of structures and proce 
dures, it can be visualiZed as a self-suf?cient component that 
does not require other additional structures, procedures or 
data to perform its speci?c task. OOP, therefore, vieWs a 
computer program as a collection of largely autonomous 
components, called objects, each of Which is responsible for 
a speci?c task. This concept of packaging data, structures, 
and procedures together in one component or module is 
called encapsulation. 

[0159] In general, OOP components are reusable softWare 
modules Which present an interface that conforms to an 
object model and Which are accessed at run-time through a 
component integration architecture. A component integra 
tion architecture is a set of architecture mechanisms Which 
alloW softWare modules in different process spaces to utiliZe 
each others capabilities or functions. This is generally done 
by assuming a common component object model on Which 
to build the architecture. It is WorthWhile to differentiate 
betWeen an object and a class of objects at this point. An 
object is a single instance of the class of objects, Which is 
often just called a class. A class of objects can be vieWed as 
a blueprint, from Which many objects can be formed. 

[0160] OOP alloWs the programmer to create an object 
that is a part of another object. For eXample, the object 
representing a piston engine is said to have a composition 
relationship With the object representing a piston. In reality, 
a piston engine comprises a piston, valves and many other 
components; the fact that a piston is an element of a piston 
engine can be logically and semantically represented in OOP 
by tWo objects. 

[0161] OOP also alloWs creation of an object that 
“depends from” another object. If there are tWo objects, one 
representing a piston engine and the other representing a 
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piston engine Wherein the piston is made of ceramic, then 
the relationship betWeen the tWo objects is not that of 
composition. A ceramic piston engine does not make up a 
piston engine. Rather it is merely one kind of piston engine 
that has one more limitation than the piston engine; its piston 
is made of ceramic. In this case, the object representing the 
ceramic piston engine is called a derived object, and it 
inherits all of the aspects of the object representing the 
piston engine and adds further limitation or detail to it. The 
object representing the ceramic piston engine “depends 
from” the object representing the piston engine. The rela 
tionship betWeen these objects is called inheritance. 

[0162] When the object or class representing the ceramic 
piston engine inherits all of the aspects of the objects 
representing the piston engine, it inherits the thermal char 
acteristics of a standard piston de?ned in the piston engine 
class. HoWever, the ceramic piston engine object overrides 
these ceramic speci?c thermal characteristics, Which are 
typically different from those associated With a metal piston. 
It skips over the original and uses neW functions related to 
ceramic pistons. Different kinds of piston engines have 
different characteristics, but may have the same underlying 
functions associated With it (e.g., hoW many pistons in the 
engine, ignition sequences, lubrication, etc.). To access each 
of these functions in any piston engine object, a programmer 
Would call the same functions With the same names, but each 
type of piston engine may have different/overriding imple 
mentations of functions behind the same name. This ability 
to hide different implementations of a function behind the 
same name is called polymorphism and it greatly simpli?es 
communication among objects. 

[0163] With the concepts of composition-relationship, 
encapsulation, inheritance and polymorphism, an object can 
represent just about anything in the real World. In fact, one’s 
logical perception of the reality is the only limit on deter 
mining the kinds of things that can become objects in 
object-oriented softWare. Some typical categories are as 
folloWs: 

[0164] Objects can represent physical objects, such 
as automobiles in a traf?c-?oW simulation, electrical 
components in a circuit-design program, countries in 
an economics model, or aircraft in an air-traffic 
control system. 

0165 Ob'ects can re resent elements of the com ] P 
puter-user environment such as WindoWs, menus or 
graphics objects. 

[0166] An object can represent an inventory, such as 
a personnel ?le or a table of the latitudes and 
longitudes of cities. 

[0167] An object can represent user-de?ned data 
types such as time, angles, and compleX numbers, or 
points on the plane. 

[0168] With this enormous capability of an object to 
represent just about any logically separable matters, OOP 
alloWs the softWare developer to design and implement a 
computer program that is a model of some aspects of reality, 
Whether that reality is a physical entity, a process, a system, 
or a composition of matter. Since the object can represent 
anything, the softWare developer can create an object Which 
can be used as a component in a larger softWare project in 
the future. 
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[0169] If 90% of a neW OOP software program consists of 
proven, existing components made from preexisting reus 
able objects, then only the remaining 10% of the neW 
softWare project has to be Written and tested from scratch. 
Since 90% already came from an inventory of extensively 
tested reusable objects, the potential domain from Which an 
error could originate is 10% of the program. As a result, 
OOP enables softWare developers to build objects out of 
other, previously built objects. This process closely 
resembles complex machinery being built out of assemblies 
and sub-assemblies. OOP technology, therefore, makes soft 
Ware engineering more like hardWare engineering in that 
softWare is built from existing components, Which are avail 
able to the developer as objects. All this adds up to an 
improved quality of the softWare as Well as an increased 
speed of its development. 

[0170] Programming languages are beginning to fully 
support the OOP principles, such as encapsulation, inherit 
ance, polymorphism, and composition-relationship. With 
the advent of the C++ language, many commercial softWare 
developers have embraced OOP. C++ is an OOP language 
that offers a fast, machine-executable code. Furthermore, 
C++ is suitable for both commercial-application and sys 
tems-programming projects. For noW, C++ appears to be the 
most popular choice among many OOP programmers, but 
there is a host of other OOP languages, such as Smalltalk, 
Common Lisp Object System (CLOS), and Eiffel. Addition 
ally, OOP capabilities are being added to more traditional 
popular computer programming languages such as Pascal. 

[0171] The bene?ts of object classes can be summariZed, 
as folloWs: 

[0172] Objects and their corresponding classes break 
doWn complex programming problems into many 
smaller, simpler problems. 

[0173] Encapsulation enforces data abstraction 
through the organiZation of data into small, indepen 
dent objects that can communicate With each other. 
Encapsulation protects the data in an object from 
accidental damage, but alloWs other objects to inter 
act With that data by calling the object’s member 
functions and structures. 

[0174] Subclassing and inheritance make it possible 
to extend and modify objects through deriving neW 
kinds of objects from the standard classes available 
in the system. Thus, neW capabilities are created 
Without having to start from scratch. 

[0175] Polymorphism and multiple inheritance make 
it possible for different programmers to mix and 
match characteristics of many different classes and 
create specialiZed objects that can still Work With 
related objects in predictable Ways. 

[0176] Class hierarchies and containment hierarchies 
provide a ?exible mechanism for modeling real 
World objects and the relationships among them. 

[0177] Libraries of reusable classes are useful in 
many situations, but they also have some limitations. 
For example: 

[0178] Complexity. In a complex system, the class 
hierarchies for related classes can become extremely 
confusing, With many doZens or even hundreds of 
classes. 
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[0179] How of control. A program Written With the 
aid of class libraries is still responsible for the How 
of control (i.e., it must control the interactions 
among all the objects created from a particular 
library). The programmer has to decide Which func 
tions to call at What times for Which kinds of objects. 

[0180] Duplication of effort. Although class libraries 
alloW programmers to use and reuse many small 
pieces of code, each programmer puts those pieces 
together in a different Way. TWo different program 
mers can use the same set of class libraries to Write 

tWo programs that do exactly the same thing but 
Whose internal structure (i.e., design) may be quite 
different, depending on hundreds of small decisions 
each programmer makes along the Way. Inevitably, 
similar pieces of code end up doing similar things in 
slightly different Ways and do not Work as Well 
together as they should. 

[0181] Class libraries are very ?exible. As programs groW 
more complex, more programmers are forced to reinvent 
basic solutions to basic problems over and over again. A 
relatively neW extension of the class library concept is to 
have a frameWork of class libraries. This frameWork is more 
complex and consists of signi?cant collections of collabo 
rating classes that capture both the small-scale patterns and 
major mechanisms that implement the common require 
ments and design in a speci?c application domain. They 
Were ?rst developed to free application programmers from 
the chores involved in displaying menus, WindoWs, dialog 
boxes, and other standard user interface elements for per 
sonal computers. 

[0182] FrameWorks also represent a change in the Way 
programmers think about the interaction betWeen the code 
they Write and code Written by others. In the early days of 
procedural programming, the programmer called libraries 
provided by the operating system to perform certain tasks, 
but basically the program executed doWn the page from start 
to ?nish, and the programmer Was solely responsible for the 
How of control. This Was appropriate for printing out pay 
checks, calculating a mathematical table, or solving other 
problems With a program that executed in just one Way. 

[0183] The development of graphical user interfaces 
began to turn this procedural programming arrangement 
inside out. These interfaces alloW the user, rather than 
program logic, to drive the program and decide When certain 
actions should be performed. Today, most personal com 
puter softWare accomplishes this by means of an event loop 
Which monitors the mouse, keyboard, and other sources of 
external events and calls the appropriate parts of the pro 
grammer’s code according to actions that the user performs. 
The programmer no longer determines the order in Which 
events occur. Instead, a program is divided into separate 
pieces that are called at unpredictable times and in an 
unpredictable order. By relinquishing control in this Way to 
users, the developer creates a program that is much easier to 
use. Nevertheless, individual pieces of the program Written 
by the developer still call libraries provided by the operating 
system to accomplish certain tasks, and the programmer 
must still determine the How of control Within each piece 
after it’s called by the event loop. Application code still “sits 
on top of” the system. 

[0184] Even event loop programs require programmers to 
Write a lot of code that should not need to be Written 
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separately for every application. The concept of an applica 
tion framework carries the event loop concept further. 
Instead of dealing With all the nuts and bolts of constructing 
basic menus, WindoWs, and dialog boxes and then making 
these things all Work together, programmers using applica 
tion frameworks start With Working application code and 
basic user interface elements in place. Subsequently, they 
build from there by replacing some of the generic capabili 
ties of the frameWork With the speci?c capabilities of the 
intended application. 

[0185] Application frameWorks reduce the total amount of 
code that a programmer has to Write from scratch. HoWever, 
because the frameWork is really a generic application that 
displays WindoWs, supports copy and paste, and so on, the 
programmer can also relinquish control to a greater degree 
than event loop programs permit. The frameWork code takes 
care of almost all event handling and How of control, and the 
programmer’s code is called only When the frameWork 
needs it (e.g., to create or manipulate a proprietary data 

structure). 
[0186] A programmer Writing a frameWork program not 
only relinquishes control to the user (as is also true for event 
loop programs), but also relinquishes the detailed How of 
control Within the program to the frameWork. This approach 
alloWs the creation of more complex systems that Work 
together in interesting Ways, as opposed to isolated pro 
grams, having custom code, being created over and over 
again for similar problems. Thus, as is explained above, a 
frameWork basically is a collection of cooperating classes 
that make up a reusable design solution for a given problem 
domain. It typically includes objects that provide default 
behavior (e.g., for menus and WindoWs), and programmers 
use it by inheriting some of that default behavior and 
overriding other behavior so that the frameWork calls appli 
cation code at the appropriate times. 

[0187] There are three main differences betWeen frame 
Works and class libraries: 

[0188] Behavior versus protocol. Class libraries are 
essentially collections of behaviors that you can call 
When you Want those individual behaviors in your 
program. A frameWork, on the other hand, provides 
not only behavior but also the protocol or set of rules 
that govern the Ways in Which behaviors can be 
combined, including rules for What a programmer is 
supposed to provide versus What the frameWork 
provides. 

[0189] Call versus override. With a class library, the 
code the programmer instantiates objects and calls 
their member functions. It’s possible to instantiate 
and call objects in the same Way With a frameWork 
(i.e., to treat the frameWork as a class library), but to 
take full advantage of a frameWork’s reusable 
design, a programmer typically Writes code that 
overrides and is called by the frameWork. The frame 
Work manages the How of control among its objects. 
Writing a program involves dividing responsibilities 
among the various pieces of softWare that are called 
by the frameWork rather than specifying hoW the 
different pieces should Work together. 

[0190] Implementation versus design. With class 
libraries, programmers reuse only implementations, 
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Whereas With frameWorks, they reuse design. A 
frameWork embodies the Way a family of related 
programs or pieces of softWare Work. It represents a 
generic design solution that can be adapted to a 
variety of speci?c problems in a given domain. For 
example, a single frameWork can embody the Way a 
user interface Works, even though tWo different user 
interfaces created With the same frameWork might 
solve quite different interface problems. 

[0191] Thus, through the development of frameWorks for 
solutions to various problems and programming tasks, sig 
ni?cant reductions in the design and development effort for 
softWare can be achieved. A preferred embodiment of the 
invention utiliZes HyperText Markup Language (HTML) to 
implement documents on the Internet together With a general 
purpose secure communication protocol for a transport 
medium betWeen the client and the NeWco. HTTP or other 
protocols could be readily substituted for HTML Without 
undue experimentation. Information on these products is 
available in T. Berners-Lee, D. Connoly, “RFC 1866: Hyper 
text Markup Language—2.0” (Nov. 1995); and R. Fielding, 
H, Frystyk, T. Berners-Lee, J. Gettys and J. C. Mogul, 
“Hypertext Transfer Protocol—HTTP/1.1: HTTP Working 
Group Internet Draft” (May 2, 1996). HTML is a simple data 
format used to create hypertext documents that are portable 
from one platform to another. HTML documents are SGML 
documents With generic semantics that are appropriate for 
representing information from a Wide range of domains. 
HTML has been in use by the World-Wide Web global 
information initiative since 1990. HTML is an application of 
ISO Standard 8879; 1986 Information Processing Text and 
Office Systems; Standard GeneraliZed Markup Language 
(SGML). 
[0192] To date, Web development tools have been limited 
in their ability to create dynamic Web applications Which 
span from client to server and interoperate With existing 
computing resources. Until recently, HTML has been the 
dominant technology used in development of Web-based 
solutions. HoWever, HTML has proven to be inadequate in 
the folloWing areas: 

[0193] Poor performance; 

[0194] Restricted user interface capabilities; 

[0195] Can only produce static Web pages; 

[0196] Lack of interoperability With existing appli 
cations and data; and 

[0197] 
[0198] Sun Microsystem’s Java language solves many of 
the client-side problems by: 

[0199] 
[0200] Enabling the creation of dynamic, real-time 
Web applications; and 

Inability to scale. 

Improving performance on the client side; 

[0201] Providing the ability to create a Wide variety 
of user interface components. 

[0202] With Java, developers can create robust User Inter 
face (UI) components. Custom “Widgets” (e.g., real-time 
stock tickers, animated icons, etc.) can be created, and 
client-side performance is improved. Unlike HTML, Java 
supports the notion of client-side validation, of?oading 
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appropriate processing onto the client for improved perfor 
mance. Dynamic, real-time Web pages can be created. Using 
the above-mentioned custom UI components, dynamic Web 
pages can also be created. 

[0203] Sun’s Java language has emerged as an industry 
recogniZed language for “programming the Internet.” Sun 
de?nes Java as: “a simple, obj ect-oriented, distributed, inter 
preted, robust, secure, architecture-neutral, portable, high 
performance, multithreaded, dynamic, buZZWord-compliant, 
general-purpose programming language. Java supports pro 
gramming for the Internet in the form of platform-indepen 
dent Java applets.” Java applets are small, specialiZed appli 
cations that comply With Sun’s Java Application 
Programming Interface (API) alloWing developers to add 
“interactive content” to Web documents (e.g., simple ani 
mations, page adornments, basic games, etc.). Applets 
execute Within a Java-compatible broWser (e.g., Netscape 
Navigator) by copying code from the server to client. From 
a language standpoint, Java’s core feature set is based on 
C++. Sun’s Java literature states that Java is basically, “C++ 
With extensions from Objective C for more dynamic method 
resolution.” 

[0204] Another technology that provides similar function 
to JAVA is provided by Microsoft and ActiveX Technolo 
gies, to give developers and Web designers WhereWithal to 
build dynamic content for the Internet and personal com 
puters. ActiveX includes tools for developing animation, 
3-D virtual reality, video and other multimedia content. The 
tools use Internet standards, Work on multiple platforms, and 
are being supported by over 100 companies. The group’s 
building blocks are called ActiveX Controls, small, fast 
components that enable developers to embed parts of soft 
Ware in hypertext markup language (HTML) pages. ActiveX 
Controls Work With a variety of programming languages 
including Microsoft Visual C++, Borland Delphi, Microsoft 
Visual Basic programming system and, in the future, 
Microsoft’s development tool for Java, code named 
“Jakarta.” ActiveX Technologies also includes ActiveX 
Server Framework, alloWing developers to create server 
applications. One of ordinary skill in the art readily recog 
niZes that ActiveX could be substituted for JAVA Without 
undue experimentation to practice the invention. 

[0205] While various embodiments have been described 
above, it should be understood that they have been presented 
by Way of example only, and not limitation. Thus, the 
breadth and scope of a preferred embodiment should not be 
limited by any of the above-described exemplary embodi 
ments, but should be de?ned only in accordance With the 
folloWing claims and their equivalents. 

What is claimed is: 
1. A method for enhanced speech synthesis, comprising 

the steps of: 

(a) receiving a string of Words to be outputted; 

(b) querying a database of strings of Words to match the 
string of Words for output purposes; 

(c) parsing the string of Words if no match is made in step 
(b); and 
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(d) querying the database of Words to match the parsed 
string of Words for output purposes. 

2. The method as recited in claim 1, Wherein the parsing 
includes removing one of the Words. 

3. The method as recited in claim 2, Wherein steps (c) and 
(d) are repeated until the string of Words is matched in the 
database. 

4. The method as recited in claim 3, Wherein a pre 
recorded audible recording of the string of Words is output 
ted to a user upon a match being made. 

5. The method as recited in claim 4, Wherein the speech 
synthesis is enhanced by ensuring that a largest pre-recorded 
audible recording is used for output purposes. 

6. The method as recited in claim 1, Wherein the string of 
Words is received utiliZing a netWork. 

7. The method as recited in claim 6, Wherein the netWork 
includes the Internet. 

8. The method as recited in claim 1, Wherein the string of 
Words includes an address. 

9. The method as recited in claim 8, Wherein the string of 
Words includes driving directions. 

10. The method as recited in claim 1, Wherein the string 
of Words is generated in response to receipt of a request 
made by a user. 

11. The method as recited in claim 10, Wherein the request 
is made by the user verbally utiliZing a telephone, and 
recogniZed utiliZing a speech recognition frameWork. 

12. The method as recited in claim 11, Wherein the output 
is transmitted utiliZing the telephone. 

13. The method as recited in claim 1, Wherein the output 
includes an audio ?le. 

14. The method as recited in claim 1, Wherein the string 
of Words represent entities selected from the group consist 
ing of stock quotes, entertainment information, driving 
directions, and ?ight information. 

15. The method as recited in claim 1, Wherein text-to 
speech synthesis (TTS) is utiliZed for identifying any Words 
not found in the database. 

16. A computer program product for enhanced speech 
synthesis, comprising: 

(a) computer code for receiving a string of Words to be 
outputted; 

(b) computer code for querying a database of Words to 
match the string of Words for output purposes; 

(c) computer code for parsing the string of Words if no 
match is made by code segment (b); and 

(d) computer code for querying the database of Words to 
match the parsed string of Words for output purposes. 

17. A system for enhanced speech synthesis, comprising: 

(a) logic for receiving a string of Words to be outputted; 

(b) logic for querying a database of Words to match the 
string of Words for output purposes; 

(c) logic for parsing the string of Words if no match is 
made by logic segment (b); and 

(d) logic for querying the database of Words to match the 
parsed string of Words for output purposes. 

* * * * * 


